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1. Introduction

In RAN #76 meeting a new RAN4 WI “LTE CRS-IM Performance Requirements for Single RX Chain UEs” (1RX CRS-IM WI) was approved and has the following objectives [1]:

	The work item has the following objectives:

· Phase I:

· Investigate the general impact of CRS-IM on power consumption, complexity and throughput gain for the UEs equipped with 1Rx chain 

· Investigate the feasibility of CRS-IM receivers for the UEs equipped with 1 RX chain

· Identify target scenarios including deployment scenarios, interference models, and others. 
· Reuse Rel-13/14 CRS-IM assumptions as the starting point.

· Identify reference CRS-IM receiver structure assumptions including at least number of cancelled interference cell(s)

· Evaluate the CRS-IM performance benefits for the Single RX chain UEs

· Phase II:

· After completion of Phase I, specify UE demodulation and CSI reporting performance requirements for the UEs equipped with 1 RX chain
The work should be done under the following assumptions:

· Target device types

· Rel-14 Cat1bis (UE Cat 1 with 1 RX) devices

· Rel-14 FeMTC devices

· Consider both 2 and 4 CRS APs scenarios

· Focus on Non-colliding CRS scenarios


In the previous RAN4 meetings several WFs on single RX chain CRS IM performance requirements were approved [2-4]. The following agreements were made in the last meeting [4]:
	Cat1bis Performance Requirements

· Test cases for 1RX CRS-IM Cat1bis performance requirements
· PDSCH test cases
· Test #1: 
· TM4, 4 CRS APs, 24 PRBs, MIMO Rank 1
· FRC: 64QAM (MCS20)
· Interference loading: 20%

· Beamforming model: Follow PMI

· Test #2:
· TM9, 2 CRS APs, 24 PRBs, MIMO Rank 1
· FRC: 
· Option 1: 64QAM (MCS20)
· Option 2: QPSK (MCS9)
· Interference loading: 10%

· Beamforming model: Random PMI

· PDCCH test cases
· Test #1: PDCCH, 2 CRS APs, CFI = 1
· Select between AL2 and AL4 after simulation alignment

· Test #2: PDCCH AL4, 4 CRS APs, CFI = 2

CatM2 Performance Requirements

· Test cases for 1RX CRS-IM CatM2 performance requirements
· PDSCH test cases
· CE mode A
· No repetitions and no frequency hopping
· Test #1: 
· TM6 with 4 CRS APs, MIMO Rank 1
· FRC: 16QAM (MCS14)
· Interference loading: 20%

· Test #2: 
· TM6 with 2 CRS APs, MIMO Rank 1
· FRC: 16QAM (MCS14)
· Interference loading: 10%

· MPDCCH test cases 
· CE mode A
· No repetitions and no frequency hopping
· Test #1: MPDCCH AL4, [0%, 10%] interference loading
· Test #2: MPDCCH AL16, 10% interference loading
· FFS if test cases with repetitions and frequency hopping shall be considered

UE Features/Capabilities

· Differentiate UE features to perform CRS-IM for 2/4 CRS APs and for Data/Control channels to allow sufficient UE implementation flexibility
· UE capabilities signalling is FFS


In this contribution we provide our further views on the remaining open questions. 

2. Discussion
2.1 Cat1bis UE performance requirements
In accordance to the last meeting discussion the following open issues need to be finalized Cat1bis 1RX CRS-IM performance requirements:
· PDSCH Test #2 (TM9 + 2 CRS APs) FRC (FFS between 64QAM vs QPSK)
Based on the simulation results in [5] QPSK FRC gives relatively low SINR and, hence, 64QAM FRC recommended to avoid possible issues with too low SNR side conditions.
· PDCCH test 1 AL (FFS between 2 and 4)

In accordance to the simulation results in [5] both AL 2 and 4 can be used to define the performance requirements. Taking into account that Test 2 will be defined for AL4, it is recommended to use AL2 for Test 1 in order to provide better test coverage.
· TDD tests parameters

So far, RAN4 agreed on the FDD simulation assumptions. For TDD test cases similar set of settings can be used except of the TDD specific UL/DL configuration and special subframe configuration parameters. UL/DL configuration 1 and on special subframe type 4 are suggested similar to the typical TDD requirements.
Proposal #1:
Use 64QAM FRC for Cat1bis PDSCH Test #2 (TM9 + 2 CRS APs)

Proposal #2:
Use AL2 for Cat1bis PDCCH test #1.

Proposal #3:
Use UL/DL configuration 1 and Special subframe type 4 for Cat1bis TDD test cases

2.2 CatM2 UE performance requirements
In accordance to the last meeting discussion the following open issues need to be finalized for CatM2 1RX CRS-IM performance requirements:

· Interference loading for MPDCCH test #1 (0% or 10%)

In the companion paper [6] we provide detailed simulation results for 1RX CRS-IM in application to the CatM2 UEs based on the simulation assumptions in [4]. It can be observed that CRS-IM performance improvement for scenario with 10% loading is rather limited and may be difficult to be tested (SNR gain is ~ 1.0 dB). Therefore, 0% interference loading for MPDCCH test #1 is suggested.

· Test cases for CE Mode A with multiple repetitions and frequency hopping

Based on the previous meeting agreements in [4] it is “FFS if test cases with repetitions and frequency hopping shall be considered”. In our view, it is expected that the CE Mode A with multiple repetitions will be used mainly under the noise-limited scenarios for the purpose of achieving coverage enhancement. Under such conditions the interference signals power level will be far below the noise level and will not have noticeable impact on the demodulation performance. Also from simulation results in [6] we can observe that SINR operation point is already rather low (~ -3dB) for CE Mode A without repetitions and frequency hopping. So, using of multiple repetitions will lead to very low SINR point, which is untestable for interference limited case. 
· TDD tests parameters
Same as for Cat1bis case, suggest to use typical TDD simulation assumptions, i.e. UL/DL configuration 1, special subframe type 4.

Proposal #4:
Introduce MPDCCH Test #1 for scenarios with 0% interference loading.

Proposal #5:
Do not define CatM2 test cases for CE Mode A with multiple repetitions and frequency hopping

Proposal #6:
Use UL/DL configuration 1 and Special subframe type 4 for CatM2 TDD test cases
2.3 UE Features/Capabilities

In the previous meeting RAN4 agreed to differentiate UE features to perform CRS-IM for 2/4 CRS APs and for Data/Control channels to allow sufficient UE implementation flexibility. In particular, the following features are suggested to be considered:

1. 1RX CRS-IM for PDSCH for 2 CRS APs

2. 1RX CRS-IM for PDSCH for 4 CRS APs

3. 1RX PDCCH CRS-IM for 2 CRS APs

4. 1RX PDCCH CRS-IM for 4 CRS APs

5. 1RX CRS-IM for MPDCCH for 2 CRS APs

6. 1RX CRS-IM for MPDCCH for 4 CRS APs

In accordance to the Rel-14 discussions eNB does not need information on the particular set of supported features. The main purpose of capability signalling is to trigger eNB to provide the CRS assistance signalling. Therefore, it is recommended to reuse existing UE capability signalling for one of the legacy CRS-IM features. In particular, no new signalling shall be defined and UE might use existing CRS-IM capability signalling.
Proposal #7:
Reuse legacy CRS-IM UE capability signalling to trigger CRS network assistance
3. Conclusions

In this contribution we provide our views on the single RX chain CRS-IM performance requirements. In summary, we make the following proposals:
Proposal #1:
Use 64QAM FRC for Cat1bis PDSCH Test #2 (TM9 + 2 CRS APs)

Proposal #2:
Use AL2 for Cat1bis PDCCH test #1.

Proposal #3:
Use UL/DL configuration 1 and Special subframe type 4 for Cat1bis TDD test cases

Proposal #4:
Introduce MPDCCH Test #1 for scenarios with 0% interference loading.

Proposal #5:
Do not define CatM2 test cases for CE Mode A with multiple repetitions and frequency hopping

Proposal #6:
Use UL/DL configuration 1 and Special subframe type 4 for CatM2 TDD test cases
Proposal #7:
Reuse legacy CRS-IM UE capability signalling to trigger CRS network assistance
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